Melatonin is a hormone synthesized and released primarily by the pineal gland. Its secretion follows a circadian rhythm with a peak overnight. Its secretion is initiated approximately to the three months of age and continues to rise during the childhood. Previous to the puberty there is a decrease of melatonin secretion that continues until the old age. Melatonin has effects in the body and acts through at least four mechanisms: membrane receptors, orphan nuclear receptors, calmodulin and free radicals. It has been suggested that aging can be a consequence of the oxidation of cells that eventually become vulnerable to injury and die. This work reviews the antioxidant effects of melatonin in a rodent model, on the formation of free radicals, on the MAP2 protein expression and on the electrophysiology of the hippocampus at different ages. The results indicate that melatonin maintains in a "best" state to the experimental animals compared to controls. It suggests the use of melatonin as a therapy to prevent or delay the aging effects on the cells.
. Melatonin synthesis. During night nerve signals traveling through the optic nerve reach the suprachiasmatic nucleus (SQN), paraventricular nucleus (NPV), and the spinal cord this connects with the superior cervical ganglia ending in the nervus conarii where noradrenaline (NA) is release. Once noradrenaline binds its alpha and beta receptors in the pinealocyte, synthesis of cAMP and the activation of the enzyme protein kinase C (PKC) are induced, initiating a cascade of protein phosphorylation to promote transcription and translation of the N-acetyltransferase protein (NAT), the rate limiting enzyme in the synthesis of melatonin. Finally, the N-acetilserotonina melatonin is transformed through the enzyme hidroxiortometiltransferasa (HIOMT). Once released into the plasma, melatonin is capable of binding to different target sites. The graph shows the peak levels reached in human melatonin secreted by the pineal gland at night, this is about 70 pg/mL. tion [17] [20] , seasonal reproduction [21] and oncogenesis [22] [23] .
The receptors' sensitivity to specific cues fluctuates throughout the 24-hour cycle, and this sensitivity can be modulated in a homologous fashion, that is, by melatonin itself, and in a heterologous manner by other cues including the photoperiod or the estrogens [24] .
2) Melatonin also may modulate cellular activity through a nuclear receptor, its biological action through nuclear signaling involving retinoid acid receptor-related orphan RZR/ROR receptors. The RZR/ROR receptors belong to a subclass of orphan nuclear receptors with three subtypes (a, b, and c). RZR/RORa is expressed almost ubiquitously in all tissues, while RZR/RORb is restricted to the brain, and finally, RZRc is expressed preferentially in skeletal muscle but also in the thymus, testis, prostate, pancreas, liver, and heart. This indol regulates cell processes, via nuclear signaling, through RZR/ROR transcription factors, which, in turn, regulate key genes involved in neuroinflammatory pathways (5-lipoxygenase), cell-differentiation, and cellular senescence (p21WAF1/C1P1), (lipid metabolism (apolipoprotein A-1), cell-cycle arrest and apoptosis (N-myc), and Ca 2+ channel modulator functions in cerebellum (Purkinje cell protein) [25] .
3) Melatonin and calmodulin: Another possible mechanism of action of melatonin is through modulation of the intracellular calcium concentrations. Melatonin regulates calcium channels and intracellular signaling through its binding to calmodulin [25] [26] and interacting with target enzymes as phosphodiesterase and structural proteins [11] [27] [28] . So, melatonin acts as a calmodulin antagonist [11] . It has been supported the hypothesis that under physiological conditions, melatonin synchronizes different body rhythms through cytoskeletal rearrangements mediated by its calmodulin antagonism [29] .
4) Melatonin and free radicals: Melatonin is considered as a potent free radical scavenger and an indirect antioxidant [30] [31] [32] . It has protective action in various models of oxidative stress [33] [34] ; it is an effective hydroxyl radical (OH) scavenger [35] and detoxifies other reactive oxygen and nitrogen species including single oxygen [36]- [39] . Moreover, melatonin stimulates the activities of enzymes that metabolize reactive species [40] [41]. Melatonin is a highly lipophilic molecule and has the ability to cross all the morphological barriers, including the blood-brain barrier, allowing enter every part of the cells where it can prevent oxidative damage and preserve mitochondrial function [30] . Melatonin also has been postulated as a molecule able of retarding brain aging [39] [42] . This pineal indol significantly declines with aging, for this reason, it has been suggested that age related neurodegenerative diseases, as Alzheimer's disease, may be related to melatonin deficiency [25] [43] .
Considering the previous data in our laboratory has been investigated the melatonin role in some aging mechanisms.
Melatonin and Free Radicals during the Hippocampal Aging
In a first work, in male Wistar rats kept in laboratory conditions, regulated temperature (25˚C ± 2˚C), light (12:12 h light/dark cycle) and free access to chow and tap water. Melatonin (1 mg/Kg, body weight) was applied for several months to an experimental group while the control group only received the melatonin's vehicle. Amount of free radicals was obtained by electronic paramagnetic resonance from hippocampus at 6, 10, and 14 months of melatonin treatment. The results indicate that increasing the age there is a directly proportional increase in free radicals in the hippocampus and even though this increase of free radicals in the hippocampus was higher in control rats than in the experimental group, differences resulted significant only at 14 months of treatment [44] ( Table 1 ).
Melatonin and MAP2 Protein Staining during the Hippocampal Aging
Using data that melatonin reduced free radicals in rat hippocampus, arise the idea that this decrease in cellular Table 1 . The table shows the concentration of free radicals measured by electron paramagnetic resonance (EPR) in the hippocampus of control and melatonin treated rats for 6, 10 and 14 months. A decrease of free radicals concentration was found in the different months of treatment in the melatonin treated rats compared to control, resulting in a significant difference to the fourteen months. * p < 0.001. oxidation also would reduce cell death and therefore the hippocampal neuronal loss in rats treated with melatonin. So in rats treated with melatonin for several months, the amount of structural proteins MAP2 was analyzed by hippocampal staining. The results revealed that the staining for MAP2 was significantly higher for melatonin treated rats than the controls, both 6 and 12 months of treatment. However it was not possible to determine whether the increased staining was the result of a decrease in neuronal loss in rats treated with melatonin or the increase for a new formation of neuronal processes [45] ( Table 2 ).
Melatonin and Unitary Spontaneous Neuronal Activity in the Hippocampus during Aging
If melatonin preserved the hippocampal cytoarchitecture by a reduction of free radicals was of interest determine if the electrophysiology of this structure is maintained as an indicator of a good functional status. Melatonin treated rats exhibited an increased amount of spontaneous unitary activity in the hippocampus at all ages tested, 2, 4, 6 and 8 months of treatment. The experimental rats showed an increased number of cells with bursts activity while most of the control rats showed single spikes. In the control rats, the neural firing rate was very similar to the 2, 4 and 6 months and decreased with the age of 8 months of treatment and was always lesser than that of the experimental rats. Experimental rats exhibited a higher and a greater dispersion of activity than that found in control rats with significant differences at 8 months of treatment [46] (Table 3) .
It should be mentioned that all the control rats used in the different experiments, about a year and a half old started to have a brown color necklace around his neck, that collar is not observed in animals treated with melatonin and they look younger than control rats (Figure 2 ).
Discussion
Aging is a progressive and multifaceted process that includes gradual cellular loss, endocrine and metabolic deficits, decreasing defense mechanisms and there are functional losses which contribute to health deterioration and finally to death. During this procedure there is a general decline in nervous system functions due to structural, molecular, biochemical and physiological changes [47] .
Melatonin is an indol derivate, principally, from the pineal gland, involved in numerous biological and physiological body functions. The synthesis and liberation of this hormone are stimulated by darkness and this acts through at least four mechanisms: the G protein coupled receptors, nuclear orphan receptors, calmodulin and free radicals.
Free radicals and other reactive oxygen and nitrogen species are generated in vivo, as result of the metabolic cell activities. The levels of free radicals are controlled by antioxidant defenses, which reduce oxidative damage to biomolecules avoiding the tissue injury. Table 3 . the table shows the average normalized firing rate in control and melatonin treated rats at 4 different ages, even there was an increase in the firing rate at the tested ages; there is only significant difference at 8 months of treatment compared to the control. Rats treated with melatonin showed whiter, silky soft fur, than control rat, in which, the hair was thicker, rough and most of the rats in the control group showed a brown necklace and also brown color in some places of their body.
Melatonin has a powerful anti-oxidant action [35] [48] [49] as it has been shown to scavenge different types of free radicals in vitro, in body fluids and in cells [26] . Furthermore, melatonin plays an important role in activating anti-oxidant defenses such as the activation of the superoxide dismutase, catalase, glutathione peroxidase, glutathione reductase and glucose-6-phosphate dehydrogenase [50] [51]; both effects allow melatonin to reduce oxidative damage to the cells. Some studies have shown that melatonin has better antioxidant effects than other antioxidants [52] , melatonin has been found to be more efficient than vitamin C in reducing the extent of oxidative stress in a model of Alzheimer's disease and also melatonin was found to reduce markers of oxidative stress more than E vitamin in mice [53] . These effects may result from the ability of melatonin to cross all cellular membranes. The decrease in night time serum melatonin concentrations that occurs with aging, suggest that melatonin antioxidative actions are also reduced. Studies in rats and mice suggest that diminished melatonin secretion may be associated with an acceleration of the aging process [54] . In our laboratory it was determined by Electronic Paramagnetic Resonance that there is a parallel increase in free radical concentration with age in the hippocampus of the Wistar rat in all the tested ages and that melatonin chronic application reduces such increase, so in this experiment an antioxidant effect of melatonin was found in the whole animal.
In addition it has be seen neuroprotective effects of melatonin in various regions of the central nervous system. It has been demonstrated an antioxidant effect of melatonin in the spinal cord, optic nerve and brain, with the most potent effects seen in the spinal cord white matter [53] . We be certain of that most of MAP2 staining that was found in the hippocampus of rats treated with melatonin is the result of that this hormone maintains a "good cytoarchitecture" in the hippocampus, which in turn would keep the cognitive function associated with this structure, as has been observed in Alzheimer's Disease patients treated with melatonin in whom there is a reduction in the cognitive decline [25] .
In our work in which we analyzed the chronic application of melatonin on the electrophysiological activity from hippocampus, the increase elicited by melatonin in the firing rate could result by reducing the free radicals, maintaining the anatomic architecture and probably by modifying the signalization mechanisms, as the calcium dynamics, however this assertion must be studied in the complete animal.
Melatonin application in aged animals can protect the electrophysiological activity which could preserve the mechanisms necessary for memory formation and reduce the alterations in this parameter observed in old patients.
Color changes in the rat hair associated with aging were not observed in melatonin treated rats, while it was evident in the control rats; it clearly indicates that this hormone plays a key role in maintaining the skin and coat in this rodent which is not necessarily true for human. Several studies had showed no changes in the coloration of the skin of patients treated with the hormone [55], in our model was very evident that the brown necklace associated with aging does not appear in animals treated with melatonin, this would imply a significant participa-tion of this indol in the melanogenesis [56] .
Melatonin for its antioxidant activities could be used as a dietary supplement to delay or prevent changes associated with age, however it would be preferable to ingest this indole after the reproductive stage of the individual because it had been reported that women could have reproduction alterations by consumption of melatonin [57] and there was a decrease in sperm motility in human [58] and in our laboratory it was observed that in the Wistar rat there was a significant change in the testicular architecture and fertility [59] .
It will be an important issue of future research to investigate the role of melatonin in human biology, the clinical efficacy and safety of melatonin under different normal and pathological situations.
